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METHOD AND APPARATUS FOR DETERMINING HYDROGEN 

EMBRITTLEMENT 

FIELD 

[0001] The present invention relates generally to a method and 
apparatus for testing components, and particularly to precisely determine a 
fracture angle of a test component to determine embrittlement potential. 

BACKGROUND 

[0002] Metal components generally include various selected 
amounts of ductility, strength, internal stresses, and other generally known 
physical characteristics. These characteristics may be measured using 
various techniques, such as stress testing and embrittlement testing to 
determine and measure the various physical characteristics of the metal. 
Also, various standards have been determined, such that testing results can 
be compared to other metal components. 

[0003] Various processes, which are performed on the metal, may 
change the physical characteristics and require re-testing or determining of 
whether the processes have altered the known characteristics. For example, 
a particular metal or metal alloy component may be chosen depending upon 
its known physical characteristics. Nevertheless, these known physical 
characteristics can be altered by processing the metal, such as painting, 
heating, cleaning, and other various prostheses that use various chemicals. 

[0004] One form of degradation or activity that may alter the 
physical characteristics of a metal is hydrogen embrittlement. Generally, 
hydrogen embrittlement occurs when hydrogen ions are able to migrate into 
the crystal structure of the metal and alter it. For example, water or other 
chemical species may break down into ionic components, thus releasing ionic 
hydrogen. The ionic hydrogen may enter the metal and collect therein or 
destroy bonds of the various metallic ions. The collection of the hydrogen 
ions or the degradation of the metallic bonds alters the physical 
characteristics of the metal or metal alloy. Therefore, the physical 
characteristics may be substantially changed, thus no longer providing a 
material of known physical characteristics. 
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[0005] Therefore, it is desirable to determine whether a particular 
chemical process alters or has altered a metal component. For example, 
hydrogen embrittlement may make a metal less ductile and therefore able to 
endure less stress before cracking and reducing the strength of the metal. 
Therefore, it may be desirable to determine before a component is formed of 
a particular material whether that material is subject to hydrogen 
embrittlement because of a certain chemical process to be applied to the 
material. 

[0006] Generally, hydrogen embrittlement may be determined by 
testing an unprocessed metal test blank and testing a processed metal blank 
or test component. One example is ASTM F-519, which determines 
embrittling potential of a selected process. Using the ASTM standard, both a 
chemically treated or processed and non-chemically treated or unprocessed 
metal specimen is tested to determine whether a significant difference 
between the component, which has been processed and the component, 
which has not been processed. The system, however, generally requires an 
extended period of time and at least 200 hours for the test to be completed. 
Several days must be dedicated before the determination of embrittlement 
potential of a selected process. Therefore, it is desirable to provide a process 
that is generally quicker and cheaper than such an extensive test. 

[0007] Another standard is the European Standard EN2831, as 
described in Hydrogen Embrittlement of Steels-Test by Slow Bending, USEN 
2831:1933, which is incorporated herein by reference, describes a standard 
and test for determining embrittlement of metal components. Generally, in the 
European Standard EN2831, a metal component is tested without being 
processed and another component is tested after being processed. The 
components are bent, generally manually, to induce cracking of the 
component. A visual determination is made to determine the failure of the 
component and the propagation of a crack. After a crack appears the angle 
the component has reached is hand measured to determine a bend angle. If 
the bend angle between the processed and unprocessed component is 
substantially different, then where the processed component includes a 
smaller bend angle, then the process is determined to embrittle the metal. 
The difference in the bend angle can be used to determine a selected 
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embrittlement potential. Nevertheless, such a standard is generally subjective 
to human perception and error of both the crack and the measured angle. 
Nevertheless, such a bending test can be used to determine a selected 
hydrogen embrittlement potential. 

SUMMARY 

[0008] A method and apparatus to determine hydrogen embrittling 
or embrittlement potential using a substantially automated process have been 
developed. The apparatus generally includes a control module and a bending 
module. The control module can be used to control the bending module 
according to programmable and selectable variables or modes. Various 
modes include continuous bending, single or multiple pause in the bending for 
applying static load, a variable static loading time, and other possible modes. 
In addition, data can be gathered using any of the selected modes to provide 
an output. The outputs may include at the various steps or increments of time 
the torque or force measured from the bending apparatus, the angle at which 
a crack occurs (as described herein), and the time of the test. The control 
module can store the data internally, store the data in a volatile memory for a 
selected amount of time, or the data may be transferred to a computer or 
storage assembly for later analysis. 

[0009] The bending module is generally able to engage a selected 
test component and bend the selected test component as controlled by the 
control module. The bending module may include a fixed and movable jaw or 
chuck that allows for bending of the selected component. Various sensors 
can determine the angle of the movable jaw relative to the fixed jaw and the 
forces measured between the two jaws as the test component is bent. 

[0010] Therefore, the method and apparatus of determining 
hydrogen embrittlement is not subjected to human error. Generally, the 
bending module includes sensors that are able to determine the angle, the 
force or torque produced by bending the component, and changes in the 
same. Therefore, the failure of the component is generally non-subjectively 
determined and the angle of the bend can also be automatically and non- 
subjectively determined. Therefore, the bending apparatus can bend the 
component at a selected rate and quickly determine the failure of the 
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component, thereby providing a quick and non-subjective test mechanism to 
determine hydrogen embrittlement or embrittlement potential of a selected 
process. 

[0011] Further areas of applicability will become apparent from the 
detailed description provided hereinafter. It should be understood that the 
detailed description and various examples, while indicating the various 
embodiments are intended for purposes of illustration only and are not 
intended to limit the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The present invention will become more fully understood 
from the detailed description and the accompanying drawings, wherein: 

[0013] Figure 1 is a environmental view of a test apparatus; 

[0014] Figure 2 is a detailed view of a component positioned in the 
test apparatus of Figurel ; 

[0015] Figure 3 is an illustration of a prepared test component; 

[0016] Figure 4 is a top detailed view of a component fixed in the 
bending apparatus; 

[0017] Figure 5 is an exemplary view of a test ending status of a 
test component according to an embodiment; and 

[0018] Figure 6 is a top elevational view of an ending condition of a 
test component according to an alternative embodiment. 

DETAILED DESCRIPTION OF VARIOUS EMBODIMENTS 
[0019] The following description of various embodiments is merely 
exemplary in nature and is in no way intended to limit the invention, its 
application, or uses. 

[0020] With reference to Figure 1, a hydrogen embrittlement testing 
apparatus 10 is illustrated. The hydrogen embrittlement testing apparatus or 
machine (HETM) 10 generally includes a control module 12 and a moving or 
bending module 14. The control module 12 is able to control the bending 
module 14 in a selected manner to perform the test of embrittlement or 
embrittlement potential for a selected test component. 
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The control module 12 may be any appropriate control module, but may 
generally include circuitry that is able to be programmed to control the 
bending module 14 in a selected manner. One generally skilled in the art will 
understand the circuitry and processes necessary to allow a user to program 
the control module to control the bending module 14. The control module 12 
may include a display screen 16. The display screen 16 may include a touch 
screen so that an operator may operate and program the control module 12 
with the screen 16. The control module 12 and the bending module 14 are 
controlled by a key-operated ON/OFF switch 18, such that the bending 
module 14 is not accidentally operated. As described herein, the bending 
module 14 is generally powerful and able to bend metal at a selected and 
programmable characteristic. Various characteristics include a bending rate 
(degree per minute), the bending angle between pause (step per increment), 
a pause rate (delay), and a pause frequency (number of pauses). 

[0021] The control module 12 may be controlled with the display 
screen 16. Therefore, a user may determine or select various characteristics 
as to how that the control module 12 will control the bending module 14 
through use of the touch screen 16. Nevertheless, a separate computer, such 
as a microcomputer, may be connected to the control module 12 to program 
the control module for controlling the bending module 14. 

[0022] The bending module 14 includes a fixed clamp or chuck 20 
and a movable clamp or chuck 22. The fixed chuck 20 is fixed relative to the 
bending module 14, such that a component may be fixed within the fixed 
chuck 20 and held in a selected position. The movable chuck 22 is generally 
able to move through a selected position, such as along an aperture 24 
formed in a case 26 of the bending module 14. The aperture 24 allows the 
movable chuck 22 to be operated by a mechanism contained within the case 
26 of the control module 14 to move a component through a selected range of 
motion relative to the fixed chuck 20. 

[0023] With reference to Figure 3, a test component or specimen 30 
(later also referred to as an unprocessed specimen 30) may include a 
selected material, such as a nickel-based alloy or a low alloy steel AISI 4340. 
The test specimen 30 may be of any appropriate shape or size, but generally 
includes a rectangular shape that includes a height H of generally less than a 
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length L of the test specimen 30. Formed along the length L of the test 
specimen 30 is at least a notch or depression 32. The depression 32 has 
formed a selected depth within the test specimen 30 along the entire height H 
of the test specimen 30. The depression 32, as described herein, generally 
allows for a selected or determinable cracking of the test specimen 30. The 
test specimen 30 may include a plurality of similar specimen. Also, a 
chemically treated or processed test specimen 50 (Figure 6) that has been 
evaluated according to the process of interest, as discussed herein. 

[0024] With reference to Figure 4 and reference to Figure 2, the test 
specimen 30 may be positioned and fixed in the fixed chuck 20 and the 
movable chuck 22. After the test specimen 30 is fixed between the fixed 
chuck 20 and the movable chuck 22, the movable chuck 22 may be moved by 
the bending module 14 according to the programmed procedure from the 
control module 12. The movable chuck 22 generally moves in a direction that 
bends the test specimen 30 away from the depression 32. Therefore, as the 
movable chuck 22 moves, as controlled by the control module 12, the notch 
32 is expanded until the test specimen 30 fails. 

[0025] The bending module 14 may include any appropriate 
mechanism to allow for movement of the movable chuck 22 relative to the 
fixed chuck 20. For example, a selected electrical motor may be geared to 
apply a selected force to the movable chuck 22 to move the movable chuck 
22 according to the controlled pattern from the control module 12. 
Furthermore, various gears may be provided for mechanical advantage and 
force transfer. It will be understood that one generally skilled in the art will be 
able to conceive of a plurality of mechanism that will be able to move the 
movable chuck 22 relative to the fixed chuck 20. 

[0026] In addition, the bending module 14 may include sensors that 
are internally sensible or sensed with the control module 12. The sensors are 
generally able to determine a position of the movable chuck 22 relative to the 
fixed chuck 20. In addition, the sensors are able to determine an amount of 
force experienced by the movable chuck 22 or the fixed chuck 20. Therefore, 
the mechanism to move the movable chuck 22 will also be able to be 
controlled and determine a selected force applied to the movable chuck 22 or 
the fixed chuck 20 according to methods described herein. 
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[0027] With reference to Figure 1 and Figure 4, a test specimen 30 
is formed of a selected metal or alloy, such as a nickel-based alloy. Although 
it will be understood that any appropriate material may form the test specimen 
30. The test specimen 30 also has formed therein the notch 32, as discussed 
above. The test specimen 30 is held between the fixed chuck 20 and the 
movable chuck 22. The test specimen 30 is initially generally aligned along a 
selected axis, along the length of the test specimen 30. In addition, the fixed 
chuck 20 defines a plane or line A and the movable chuck 22 defines a line or 
plane B. In an initial or unmoved position, the lines A and B are substantially 
parallel. Therefore, the initial test condition provides no external stress to the 
test specimen 30 besides the clamping force to hold the test specimen 30 in 
the fixed chuck 20 and the movable chuck 22. 

[0028] To determine a baseline of an unaltered test specimen, a 
first test specimen 30 that has not been chemically treated or processed is 
used. That is the material of the test specimen 30 is unaffected by any 
chemical process of interest. A failure or cracking angle is then determined 
for, as described herein, the initial test specimen 30. 

[0029] With reference to Figure 5, the process for determining the 
cracking or failure for the unprocessed specimen 30 is illustrated. The 
movable chuck 22 has been moved relative to the fixed chuck 20, according 
to a predetermined pattern that has been programmed into the control module 
12. At a particular point in the bend, a crack 40 forms relative to the notch 32 
of the test specimen 30. The crack 40 forms at a particular angle baseline 
cracking angle a between the line A and the line B. The movable chuck 22 
has bent the unprocessed test specimen 30 to the baseline cracking angle a 
where the crack 40 has formed. The baseline cracking angle a, is the 
cracking angle or cracking point of the material that is unprocessed. 
Therefore, processed test specimen 50 can be tested to determine whether 
the cracking angle is altered from the baseline cracking angle a. It will be 
understood, that numerous tests, generally more than one, may be performed 
on a plurality of unaltered test specimen 30 to determine an average cracking 
angle a to determine the baseline cracking angle a. Therefore, the angle a 
need not necessarily be dependent upon a single test specimen. 
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[0030] With reference to Figure 4 and Figure 6, a chemically treated 
or processed specimen 50 may be positioned in the fixed chuck 20 and the 
movable chuck 20, substantially similarly to the test specimen 30 as illustrated 
in Figure 4. Therefore, the lines A and B are substantially parallel and no 
external stress is being applied to the test component 50 before the bending 
begins. 

[0031] With reference to Figure 6, however, a crack 52 may form in 
the processed test specimen 50 at a processed cracking angle (3. The 
cracking angle p of the processed specimen 50 is an angle between the lines 
A and B defined by the fixed chuck 20 and the movable chuck 22, 
respectively. The cracking angle (3 of processed specimen 50 is the angle at 
which the movable chuck 22 is relative to the fixed chuck 20 when the crack 
52 forms. The cracking angle p of processed specimen 50 can be compared 
to the cracking angle a of unprocessed specimen 30 to determine whether 
the chemical process that has been applied to the specimen 50 has altered 
the angle at which the crack 52 forms in the test specimen 50. Again, it will 
be understood that more than one processed test specimen 50 may be tested 
in the bending apparatus 14 to determine an average processed cracking 
angle p, such that only one processed cracking angle p data point is not used 
to determine the significance of the embrittlement caused by a particular 
chemical process or similar process that may cause hydrogen embrittlement 
of the specimen. 

[0032] The difference between the cracking angles a and p may 
then be used to determine the amount of embrittleness or the embrittlement 
potential of the processing that has been applied to the test specimen 50. 
The difference between cracking angles a and p as whether causing 
significant embrittlement is at least partially dependant on the material and the 
process performed. For example, a ductile material may include a greater 
difference in a cracking angle, yet not be significantly different in weakness or 
embrittlement. Also, the ratio of (a-p)/a may be used to determine 
embrittlement. Therefore, not only a raw difference but the ratio may be used 
to determine the emrittlement of a selected process. 

[0033] One specific example of the application of the testing 
apparatus 10, as an application of the general process described above, is 
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illustrated below. Generally, multiple specimens of a selected alloy or 
material may be obtained. A portion or sub-plurality of the multiple specimens 
can be used to determine the baseline breaking angle a. According to a 
similar process described herein without applying a chemical process to the 
components. A second sub-plurality of the multiple specimens may first be 
cleaned and abrasive blasted according to various techniques. It will be 
understood that any appropriate techniques of cleaning or blasting may be 
used and neither are particularly necessary. Afterwards, the second plurality 
of components are processed according to the various chemical processes 
that are wished to be evaluated. For example, the embrittlement potential of a 
particular chemical solvent, such as for cleaning, may be understood by 
processing the second sub-plurality with the process prior to testing. 
Therefore, the second plurality or chemically treated or processed plurality of 
specimens will be processed according to the chemical process and with the 
chemical component that is to be used in practice. After the second sub- 
plurality are processed they can be tested, generally individually, in the testing 
apparatus 14. As discussed above, a computer may be attached to the 
control module or the control module 12 itself may be used to control the 
bending module 14. 

[0034] A selected specimen is loaded onto the bending module 14. 
Generally, the test specimen 30 is loaded so that the notch 32 is positioned 
between the fixed chuck 20 and the movable chuck 22. Generally the 
notched area 32 is positioned at about 0.001 mm to about 10 mm from the 
edge of the fixed chuck 20. Both chucks are then tightened onto the test 
specimen 30 prior to moving the movable chuck 20. Generally, the movable 
chuck 22 is tightened last. 

[0035] After the test specimen 30, or at any appropriate time before 
starting the bending of the test specimen, including moving the movable 
chuck 22, the bend test parameters can be chosen. The test parameters may 
be chosen using the touch screen 16 of the control module 12 or a computer 
that is attached to the control module 12. Various test parameters or 
characteristics that may be selected include bend speed. Bend speed 
includes the rate at which the movable chuck 22 moves relative to the fixed 
chuck 20, generally a degree per minute. Any appropriate bend speed may 



9 



Attorney Docket No. 7784-000643 



be chosen, depending upon the material of the test component 30, the time 
limit of the test, or desired resolution. For example, bend speeds may be 
about 0.0001° per minute to about 186° per second. Nevertheless, the faster 
the bend speed, the less precise the resolution. Although various sensors 
and techniques may allow for a fast bend speed with an equally high 
resolution. 

[0036] Other test parameters may include a number of static load 
pauses or a pause frequency, an angle or step of movement between pauses, 
and a delay or time spent at a selected position. That is the movable chuck 
22 may move to a selected position and stop at that position for a selected 
period of time. Therefore, the movable chuck 22 may move 0.5° and hold the 
position for ten minutes. The movable chuck 22 may then move another 0.5° 
and hold at that position for an additional ten minutes. Nevertheless, it will be 
understood that the pauses or the amount of moving between pauses may be 
any appropriate or selected amount. For example, a movement of about 
0.0001° to about 100° may be chosen per movement. In addition, a pause 
time of any selected time, such as about 0.01 seconds to about twenty-four 
hours may be used. Also, the number of pauses may be chosen, thereby 
including only a number of pauses and the distance between each pause. 

[0037] During the test, a load placed upon either the fixed chuck 20 
or the movable chuck 22 is measured at any appropriate time step. 
Therefore, a load may be measured at about every 0.1 degree until the test is 
complete. The force placed upon the movable chuck 22 or the fixed chuck 20 
is the force applied by the test specimen 30. The test component 30 should 
apply a generally increasing torque or load on the fixed chuck 20 or the 
movable chuck 22, as the movable chuck 22 continues to bend the test 
specimen 30. Nevertheless, when the crack 40 appears in the test specimen 
30, the load that is measured on the fixed chuck 20 or the movable chuck 22 
decreases. Therefore, at the time that the load is measured to decrease is 
substantially the angle the crack 40 occurs. The controller 12, which receives 
data from the force measurements, can compare it to the amount of 
movement that the movable chuck 22 has moved relative to the fixed chuck 
20. Therefore, the angle a or 0 can determine the step in time that the load 
decreases or is measured to have decreased on either the fixed chuck 20 or 
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the movable chuck 22. It will be understood a similar process is applied to the 
processed test specimen 50 to determine the cracking angle p. 

[0038] The data collected may then be used to determine the 
difference between the cracking angle a and the cracking angle (3 to 
determine if the chemical process applied to the processed test specimen 50 
has altered the embrittlement of the material. In addition, the data may be 
downloaded from the control module 12 or the computer for later use in 
comparison. 

[0039] Generally, the data collected from the various test 
components is used to determine the cracking angle. During a test of the 
selected test specimen the position of the moveable chuck 22 relative to the 
fixed chuck 20 is sensed with a position or motion sensor. Therefore, the 
angle of the test component is determined from the position of the chucks 
relative to one another. Also the forces, such as a torque or other load, on 
each of the chucks may be sensed with a force sensor. The force and the 
position can be sensed and stored for any instant in time. Thus, when the 
force changes the position of the chucks and, thus, the angle of the test 
component may also be determined. When the force is sensed to decrease 
the test component may be determined to be cracked and the sensed position 
is used to determine the angle of the test component at the same time. The 
data from the sensors can be stored in a storage medium for later analysis 
and cracking angle determination, as well. 

[0040] Therefore, the test apparatus 10 can allow for a substantially 
non-human monitored testing of embrittlement of a selected material. The 
test component can be mounted to the bending module 14 and bent 
according to a preprogrammed procedure until a crack occurs in the test 
component. The crack that occurs in the test component is determined by 
sensors measuring the load placed upon either the fixed chuck 20 or the 
movable chuck 22. Therefore, human error as to determining when a crack 
occurs is substantially eliminated. Also, it will be understood that the load 
sensors can be placed on either or both of the chucks 20, 22. Although 
sensors regarding the movement of the movable chuck 22 generally 
determine movement of the movable chuck 22 relative to the fixed chuck 20. 
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[0041] While various preferred embodiments have been described, 
those skilled in the art will recognize modifications or variations which might 
be made without departing from the inventive concept. The examples 
illustrate the invention and are not intended to limit it. Therefore, the 
description and claims should be interpreted liberally with only such limitation 
as is necessary in view of the pertinent prior art. 
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